Background. Melasma is relatively uncommon in males, and there is a paucity of data on male melasma, including its clinical pattern, triggering factors, endocrine profile and histopathological findings. Aim. To characterize the clinical findings and aetiological factors, including hormonal and histopathological features, of male melasma. Methods. Male patients with melasma and age-and sex-matched healthy controls (HCs) were recruited. Demographic profile, risk factors, clinical pattern and Wood lamp findings of patients were recorded. Sera were obtained from patients and HCs to determine hormone levels. Biopsy specimens were obtained from lesional and adjacent nonlesional skin. Results. In total, 50 male patients with melasma and 20 HCs were recruited into the study. Mean age of patients was 27.58 AE 4.51 years. The most common clinical pattern of melasma was malar, which occurred in 52% of cases. Positive family history was present in 16% of patients, while 34% had disease aggravation with sun exposure and 62% used mustard oil for hair growth and/or as an emollient. Wood lamp examination revealed epidermal-type melasma in 54% of patients. There were no significant differences in hormone levels between patients and HCs. Histologically, epidermal melanin, elastotic degeneration, vascular proliferation and mast cells were more pronounced in lesional compared with nonlesional skin. Absent to weak expression of oestrogen receptors, progesterone receptors and stem cell factor was observed in lesional skin. Conclusion. Ultraviolet light and mustard oil are important causative factors in male melasma. Although stress and family history may contribute, hormonal factors possibly have no role. Quantitative analysis of immunohistochemical markers would provide insight in understanding the pathogenesis of melasma.
Introduction
Melasma is an acquired disorder of hypermelanosis, with a female predilection. In studies on melasma in men by Sarkar et al., male patients constituted 20.5-25.83% cases, 1,2 while Pichardo et al. reported a prevalence rate of 14.5% in male Latino migrant workers. 3 The aetiopathogenesis of melasma includes genetic, environmental, hormonal and vascular factors. There is a paucity of data on the clinical, aetiological, endocrinological and histopathological aspects of melasma in men. [1] [2] [3] [4] This study aimed to assess the clinical features, risk factors, hormonal profile and histopathological findings of male melasma in India.
Methods
The study was approved by the ethics committee of the Postgraduate Institute of Medical Education and Research, and conducted in accordance with the principles of the Declaration of Helsinki. All participants provided written informed consent.
Participants
In total, 50 consecutive male patients with melasma and 20 age-and sex-matched healthy controls (HCs) were enrolled into the study. Complete medical history including age, disease duration, risk factors such as duration of sun exposure, family history, stress, use of drugs, hormonal therapy, mustard oil or cosmetics, and Melasma Quality of Life (MELASQoL) score were recorded. Physical examination included Fitzpatrick skin phototype, clinical pattern of melasma, Wood lamp determination of the type of melasma and Melasma Area and Severity Index (MASI). A venous blood sample (5 mL) was collected from each participant for hormonal evaluation [thyroid-stimulating hormone (TSH), follicle-stimulating hormone (FSH), luteinizing hormone (LH), oestradiol, total testosterone, de-hydroepiandrostenone sulphate (DHEA-S), 17-hydroxy progesterone (17-OHP), a-melanocyte stimulating hormone (MSH)] and ferritin levels. Two skin biopsy specimens, one from lesional and the other from adjacent (within 10 mm) nonlesional skin, were obtained from each patient for histology and immunohistochemistry. Slides were evaluated by a dermatopathologist and findings graded on a semiquantitative scale of 0 to 3+ (0 = no staining; 1+ = weak/faint staining; 2+ = moderate staining and 3+ = diffuse staining).
Statistical analysis
Student t-test with SPSS software (SPSS v11.0; SPSS Inc, Chicago, IL, USA) was used to determine statistical significance. All P-values were two-tailed, and P < 0.05 was considered statistically significant. Data were expressed as mean AE standard deviation.
Results

Clinical profile and aetiological factors
Mean age of the patients was 27.58 AE 4.51 years (range 20-42 years). Fitzpatrick skin type V was present in 7 patients (14%), type IV in 33 (66%), type III in 9 (18%), and type II in 1 (2%). Disease duration ranged from 1 week to 10 years (mean 3.25 years). Eight patients (16%) had a family history of melasma. The most common clinical pattern of melasma was malar (n = 26; 52%), followed by centrofacial (n = 23; 46%) and mandibular (n = 1; 2%). Mean duration of sun exposure was 3.25 AE 1.92 h/day, and 17 patients (34%) reported aggravation of their melasma with sunlight. For the other risk factors, 31 patients (62%) gave a history of use of mustard oil on face and scalp hair and 10 (20%) gave a history of cosmetics use. Stress was identified as an aggravating factor in 14 patients (28%). None of the patients used hormonal therapy or other drugs known to produce melasma. Wood lamp examination identified epidermal melasma in 27 patients (54%), mixed type in 22 (44%) and dermal type in 1 (2% 
Hormonal evaluation
Serum samples were available for testing for 47 patients and 20 HCs. Hormone levels (mean AE SD) in patients and HCs are shown in Table 1 .
Histopathological findings
Lesional and nonlesional skin biopsy specimens were evaluated for 44 patients. Fontana-Masson stain showed that in the lesional epidermis there was a normal amount of melanin in 3 patients (6.8%), while scores of 1+, 2+ and 3+ were given to 23 (52.3%), 16 (36.4%) and 1 (2.3%) respectively. In the nonlesional epidermis, the amount of melanin was normal in 10 cases (22.7%), while scores of 1+ and 2+ were given to 29 (65.9%) and 4 (9.1%) patients respectively, and no patient had a score of 3+. Positivity for c-Kit in melanocytes in lesional skin was graded as 1+ in 12 patients (27.3%), 2+ in 26 (59.1%) and 3+ in 6 (13.6%), while in non-lesional skin, it was 1+ in 22 patients (50%), 2+ in 20 (45.5%) and 3+ in 2 patients (4.5%) (Fig. 1 ). In the lesional skin, elastotic degeneration was graded as 1+ in 21 patients (47.7%), 2+ in 22 (50%) and 3+ in 1 (2.3%), whereas in nonlesional skin, elastotic degeneration was graded as absent in 4 cases (9.1%), 1+ in 36 (81.8%) and 2+ in 4 (9.1%) (Fig. 2) ª 2017 British Association of Dermatologists (2.3%) (Fig. 4) . No or only faint positivity of stem cell factor (SCF) was observed in both lesional and nonlesional skin.
Discussion
As melasma is less prevalent in men than women, there are limited studies on its clinical features, aetiopathogenesis and histopathological characteristics in male patients. [1] [2] [3] [4] The mean age of the patients in our study was 27.6 years and the mean disease duration was 3.25 years. This is in contrast to the study by Vazquez et al., who reported a higher mean age of 38.8 years and longer mean duration of 8 years. 4 Family history of melasma was present in 16% of our patients, in contrast to higher rates reported in other studies (39% and 70.4% respectively). 2, 4 Among the clinical patterns, the malar type was the most common in our patients, followed by centrofacial and mandibular, similar to that reported by Sarkar et al. 2 Anecdotal cases of extrafacial melasma on forearms and neck in men have been reported. 5 In the present study, Wood lamp examination revealed epidermal melasma to be the most common, followed by the mixed and dermal types. This is in concordance with the trend reported by Sarkar et al., 2 whereas Vazquez et al. described the dermal type as more common than mixed melasma. We found sun exposure to be an aggravating factor in 34% of cases, which was lower than that reported by Sarkar et Sun exposure as an exacerbating factor was more prevalent in males (48.8%) compared with females (23.9%) in a previous Indian study. 2 Ultraviolet radiation (UVR) stimulates melanocyte migration and proliferation through cytokines such as a-MSH, endothelin-1, interleukin-1 and adrenocorticotropic hormone.
Mustard oil use was noted in 62% patients in the present study and in 43.9% by Sarkar et al. 2 Mustard oil is used by people in northern India for hair growth and as an emollient. As it is a photosensitizer, its use on the face and hair is possibly important in causing melasma in Indian men. Although cosmetics were used by 20% of the men, they were not found to play a role in hyperpigmentation. Stress was identified as a triggering factor in 28% of cases.
The role of hormonal factors in the pathogenesis of melasma is not clearly defined. Pregnancy and oral contraceptive use have been linked with the onset or aggravation of melasma in females. Maeda et al. observed that melanocytes from normal skin increase in size and produce more tyrosinase after incubation with a-MSH, FSH, LH and ACTH, whereas oestradiol, oestriol and progesterone lead to cell proliferation to a lesser extent but do not increase tyrosinase activity. 6 In the present study, we did not observe any significant difference in circulating hormone levels between patients and HCs. However, a subtle level of testicular resistance has been implicated in the pathogenesis of male melasma. High LH and low testosterone levels were noted in 9.7% of patients by Sarkar et al. 2 Similar results were also reported in another Indian study. 7 However, these findings need to be substantiated in studies with larger sample sizes.
A knowledge of the expression of various immunohistochemical markers in melasma is essential for understanding its pathogenesis. However, the histopathological features in male melasma are not well-characterized. We observed a moderate degree of solar elastosis in lesional skin compared with mild elastosis in nonlesional skin. Melanin content in the epidermal layers of lesional skin was more pronounced than in nonlesional skin. These findings are similar to those reported by Jang et al. in men with melasma. 8 Increased solar elastosis suggests that chronic sun exposure is essential for development of melasma in males. This is associated with activation of fibroblasts that may stimulate the melanocytes in the overlying epidermis. In another study on male patients, epidermal melasma with melanin pigment in the suprabasal and basal layers was observed in 50% of cases, mixed type with epidermal melanin and melanophages in 45%, and only melanophages and dendritic melanocytes in the dermis in 5%. 2 Other features included solar elastosis in 85% of cases, flattening of rete ridges in 45% and chronic inflammatory infiltrate in 30%. 2 In the present study, we found moderately increased mast cells and vascularity in the lesional dermis compared with a slight increase in the nonlesional dermis. Increased vessel area in lesional versus nonlesional skin has also been described by Jang et al., 8 and it has been suggested that increased vascularity in melasma may be attributable to long-standing exposure to UVR. Both lesional and nonlesional skin demonstrated absent to weak immunoreactivity of SCF in our study. However c-Kit positivity was higher in lesional compared with nonlesional epidermis. Jang et al. described significantly increased expression of SCF and c-Kit in lesional compared with nonlesional epidermis in male melasma, 8 and in the dermis, SCF expression was significantly increased around the fibroblasts. 8 SCF is produced by keratinocytes and fibroblasts in response to UVR, and acts on c-Kit receptors on melanocytes, thereby causing hyperpigmentation.
Oestrogen has been implicated in the pathogenesis of melasma in females. In vitro studies have shown that oestradiol upregulates the transcription of tyrosinase and, tyrosinase-related proteins 1 and 2 in human melanocytes. 9 However, the role of progesterone in producing cutaneous hyperpigmentation is unclear. In a study investigating ER and PR expression in female patients with melasma, epidermis in lesional skin showed significantly increased PR expression, 9 whereas nuclear staining of ERb was increased around blood vessels and fibroblasts in lesional dermis. Nuclear positivity of ER and PR did not differ between lesional and nonlesional skin in the present study. Jang et al. also observed that expression of ERb and PR was not significantly different between lesional and nonlesional skin in male melasma. 8 Hence, the role of sex hormones and their receptors in male melasma is probably not significant.
The limitations of our study were that we could not perform quantitative analysis of immunohistochemical markers, and the study had low statistical power for the variables that were tested.
Conclusion
Sun exposure and mustard oil use are important aetiological factors for melasma in Indian men. Histopathological features such as solar elastosis and vascular ª 2017 British Association of Dermatologists proliferation in melasma also point to UVR as a causative factor for melasma. Hormonal influences possibly do not have a role in the pathogenesis of melasma in males. Quantitative evaluation of markers may add to the pathogenesis of male melasma.
What's already known about this topic?
• Chronic sun exposure, mustard oil use and genetic predisposition are important risk factors associated with male melasma.
• Among hormonal factors, subtle testicular resistance may play a role.
• Histologically, solar elastosis, increased vascularity, and expression of SCF and c-Kit are prominent in affected skin.
What does this study add?
• Stress and positive family history are less significant contributing factors in male melasma.
• Circulating hormonal levels do not play a role in the pathogenesis of melasma in men.
• Histopathologically, although mast cells are significantly increased in lesional skin, expression of SCF is almost absent.
• Absent expression of ER and PR in lesional skin possibly excludes sex hormone influences in male melasma.
